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第三部分是在第二部分实验结果的基础上，选择 RTP 增强效果较好的 DIF
作为研究对象，考察固体基质中微量铅离子（Pb2+）对 AuNPs-DIF 体系 RTP 的
影响。结果发现在低浓度范围内，Pb2+浓度与 DIF 金属增强 RTP 强度下降程度
（ΔIP/IP0）成线性关系，据此建立了一种检测痕量 Pb2+的方法。并验证了 Pb2+通
过使 AuNPs 发生聚集，增大其粒径，而减小 AuNPs 增强 DIF-RTP 信号强度。该
方法测定 Pb2+的检测范围为 0.470-22.1 nmol·L-1，检出限为 6.10 pmol·L-1，人工合




















系 RTP 的影响，证明了赖氨酸与 FITC 的相互作用可以使 Ag@SiO2 与 FITC 间的
距离增大，影响 Ag@SiO2 增强 FITC-RTP，据此建立了一种简便、快捷检测赖氨
酸的新方法。该方法测定赖氨酸的检测范围为 1.50-90.5 µmol·L-1，检出限为 0.270 





















The article was take metallic nanoparticles and luminescence molecules which in 
the system of metal enhanced room temperature phosphorescence (RTP) as the 
research object, choose the lead ion and L-lysine as the target material and develop 
the application of metallic nanoparticels enhanced RTP. The main contents and results 
are as follows: 
The first part is the prolegomenon. It’s the review of the research progress of 
enhance RTP and application of RTP. This part emphatically introduces the research 
progress of application of metal enhanced fluorescence and phosphorescence. Finally, 
this part puts forward assumption and contents based on above discussion. 
The second part is synthesis of Au nanoparticles (AuNPs) and applied it to the 
study of enhanced 5(6)-FAM and DIF- RTP. The results showed that AuNPs can 
significantly enhanced 5(6)-carboxyfluorescein (5(6)-FAM) RTP and 
diiodofluorescein (DIF) RTP. With the increase in the addition amount of AuNPs, the 
enhancement extent of 5(6)-FAM-RTP and DIF-RTP was firstly increases and then 
decreases, the maximum enhancement were 1.8 and 3.3 times, respectively. Therefore, 
DIF was more suitable for subsequent applications. AuNPs enhance 5(6)-FAM-RTP 
and DIF-RTP was mainly because of local field enhancement and radiative transition 
rate improvement. 
The third part is choose DIF as research object to study the effect of trace lead 
ions (Pb2+) on AuNPs-DIF-RTP which based on experiment results of the second part. 
The results showed that in the low concentration range, a linear relationship between 
the concentration of Pb2+ and the decreasing degree of DIF-RTP (ΔIP/IP0). Based on 
this phenomenon, a novel method for determination of Pb2+ had hereby been 
developed. The experiment also proved Pb2+ decrease DIF-RTP by aggregation of 
AuNPs. The response is linearly proportional to the concentration of Pb2+ in the range 
0.470-22.1 nmol·L-1, the detection limit for lysine was 6.10 pmol·L-1, the recovery 















3.70 %. The experiment also study on the influence of several common metal ions on 
determination accuracy, the results showed that most of metal ions has little 
interference in the system except Fe3+ and Ag+ ions. 
The fourth part was prepared silica coated silver nanoparticles (Ag@SiO2) and 
applied to enhance fluorescein isothiocyanate isomer I (FITC) RTP which based on 
former experiment. Through investigate the influence of Ag@SiO2 on FITC-RTP in 
the solid substrate, the experiment proved that the interaction between L-lysine and 
FITC can make the distance increases between Ag@SiO2 and FITC, so the effect of 
Ag@SiO2 enhances FITC-RTP was affected. Based on this phenomenon, a simple and 
rapid method for determination of lysine had hereby been developed. The response is 
linearly proportional to the concentration of lysine in the range 1.50-90.5 µmol/L, the 
detection limit for lysine was 0.270 µmol/L, the recovery rate were in range of 
97.0-108.0 %, the relative standard deviation was less than 2.10 %. The experiment 
also study on the influence of several common metal ions and amino acids on 
determination accuracy, the results showed that metal ions and amino acids has little 
interference in the system. A satisfactory result was obtained when the established 
method has been applied to determine lysine in Compound lysine hydrochloride and 






































图 1.1 光致发光过程的 Jablonski 能级图[24] 































即低温磷光（low temperature phosphorescence，LTP）。LTP 于 1957 年开始用于
定量分析[25]，展示出灵敏度高、线性范围宽、检测限低、选择性较好、光谱精
细结构丰富等特点。但由于需要深冷设备，操作复杂，溶剂的选择也受到了限制，





用，从而增大了 S0→T1 吸收跃迁和 S1→T1 体系间窜跃的几率，有利于磷光的产
生和增大磷光的量子产率，这种作用称为重原子效应（heavy atom effect，HAE）。













 第一章 绪论 
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